Abstract: According to the processing fluency theory, higher ease of processing a stimulus leads to higher feelings of fluency and more positive evaluations. However, it is unclear whether feelings of fluency are positive or an unspecific activation and whether feelings of fluency are directly attributed to the stimulus even without much positive feelings. In two experiments, we tested how variations in the ease of processing influenced feelings of fluency and affect, in terms of evaluations (Exp. 1) and physiological responses (Exp. 2). Higher feelings of fluency were associated with more positive stimulus ratings and did not affect stimulus arousal ratings, but perceivers' feelings showed higher felt arousal ratings and left felt valence ratings unaffected. Physiological indices only showed small effects of a subtle positive reaction. These findings show that feelings of fluency can be sources of positive object evaluations, but do not affect one's own positive feelings.
According to the feelings-as-information theory, feelings can impact our everyday judgments (Schwarz, 2011) . One source for these feelings is processing fluency, which is the ease of processing a stimulus.
1 Previous research showed that individuals can consciously report feelings of fluency coming along with a higher ease of processing (Forster, Leder, & Ansorge, 2013; Reber, Wurtz, & Zimmermann, 2004; Regenberg, Häfner, & Semin, 2012 ; but see . However, it is yet unclear how these feelings of fluency impact affective evaluations. Therefore, in two experiments we tested how variations in the ease of processing influenced feelings of fluency and affect, in terms of evaluations (Exp. 1) and physiological responses (Exp. 2).
In a first behavioral experiment we tried to identify whether the feeling of fluency is associated with the affective evaluation of the perceived object and/or the perceivers' evaluations of their own feelings. This influence was tested on the two core dimensions of affective processing, valence and arousal (Russell, 2003) . In a second experiment we applied a combined measure of facial electromyography (fEMG) and skin conductance (SC) to test whether feelings of fluency are hedonically marked (as indicated by fEMG activation) and/or reflect (valenceindependent) arousal (as indicated by skin conductance variation).
The theoretical rationale of our study was the following: The theory of processing fluency states that higher ease of processing leads to a higher subjective feeling of fluency within the perceivers, which, in turn, can influence their evaluations of, for example, liking, familiarity, or truth (for an overview see Reber, Schwarz, & Winkielman, 2004) . This connection between fluency and evaluations can be explained as follows: Ease of processing signals a positive state of affairs, error-free processing, and absence of threat (Winkielman, Schwarz, Fazendeiro, & Reber, 2003) . Thus, ease of processing signals safety and therefore is said to be positively valenced (see also Zajonc, 2001) . Previous research has shown that the ease of processing can be subjectively felt and reported (Forster et al., 2013; Reber, Wurtz, et al., 2004) . When evaluating how much an object is liked, ratings for easier to process stimuli are enhanced because the positive feeling elicited by the ease is falsely interpreted as a positive reaction toward the stimulus. Empirical tests of the intrinsic positivity of ease of processing are, however, sparse (see Gerger, Leder, Tinio, & Schacht, 2011; Topolinski, Likowski, Weyers, & Strack, 2009; or Winkielman & Cacioppo, 2001 , for notable exceptions).
Yet, some findings in processing fluency remain difficult to explain by an intrinsic positivity of the feeling of fluency. Higher ease of processing increases evaluations also on dimensions without a clear valence, such as stimulus brightness or darkness (Mandler, Nakamura, & Van Zandt, 1987) , or loudness (Jacoby, Allan, Collins, & Larwill, 1988) . These findings were accommodated with a perceptual fluency/ attributional account (Bornstein & D'Agostino, 1994) . This account states that higher ease of processing is subjectively felt as valence-independent unspecific activation, which is then attributed to the stimulus. Recent evidence furthermore suggests that fluency experiences do not unanimously lead to more positive evaluations. Manipulating the ease of processing of negative, neutral, and positive IAPS pictures, Albrecht and Carbon (2014) could show that higher processing ease amplified the affective evaluation; with higher processing ease, positive IAPS pictures were rated more positively and negative IAPS pictures more negatively. Neutral IAPS pictures were not affected by the manipulations.
To sum up, previous research on processing fluency suggested that the feeling of fluency, elicited by a higher ease of processing, is either of positive valence or of an unspecific activation. In both cases this feeling should be attributed to the stimulus as its origin so that an evaluation of the stimulus should reflect the influences of ease of processing. To shed light on this explanation, in a first experiment we measured the effect of a fluency manipulation on evaluations of stimuli on the two core dimensions of affective processing: In one group valence was evaluated -representing a positive or negative reaction -and in a second group arousal was evaluated -representing the valenceindependent unspecific activation. Depending on the theory, there are different predictions for these two dimensions: First, if ease of processing is positive, stimuli should be evaluated more positively with higher ease of processing. Stimulus arousal ratings, on the other hand, might or might not increase with higher ease of processing, as high arousal is not necessarily of positive valence. According to the circumplex model of emotions, a high arousal can be characteristic of positive affect, such as when feeling excited, but it can also be characteristic of negative affect, such as when feeling alarmed (Russell, 1980 (Russell, , 2003 . Second, if ease of processing elicits a valence-independent unspecific activation, stimulus arousal ratings should increase with higher ease of processing. Following the notion of Bornstein and D'Agostino (1994) , who claimed that stimulus ratings on all dimensions are influenced by higher ease, also stimulus positivity ratings should increase with higher ease of processing.
Moreover, the first experiment addresses a second important question regarding the feeling of fluency. According to the theory of processing fluency, the ease of processing a stimulus leads to a feeling of fluency, which then affects the evaluation of the stimulus. In previous studies, mainly this evaluation of the stimulus was measured. It is thus unclear whether and how the feelings of the perceivers themselves are affected. Since long it is clear that attributions of emotions can occur quickly (Arnold, 1960) . Therefore, the second aim of the study was to identify whether the feeling of fluency, elicited by the stimulus, is only reflected in the evaluation of the stimulus or whether evaluations of the participants' own feelings are affected as well. On the one hand, it is possible that interpreting their feeling of fluency the perceivers feel aroused or positive themselves. On the other hand, if felt fluency is directly attributed to the stimulus which elicited the feeling of fluency, a higher feeling of fluency might not be felt as generally positive or arousing, but might only be found in the evaluations of the stimulus.
We tested these possibilities by including two additional conditions, in which two separate groups of participants in each trial were asked to rate their feeling of valence or arousal. If the feeling of fluency directly affects the evaluation of the stimulus, the perceiver might not feel aroused or more positive. On the other hand, if the feeling of fluency changes the feelings of the perceivers, which persist even if they are attributed to the stimulus as their origin, the evaluations of the perceivers about their own feelings might be affected, too.
Capturing the affective nature of the feelings of fluency with self-reports offers insight into the consciously accessible and reportable experiences participants have after a manipulation of processing ease. However, those parts of the fluency experience that influence our evaluations without being consciously accessible or which are only experienced at the "fringes of consciousness" (Reber, Fazendeiro, & Winkielman, 2002; ) can hardly be captured by self-reports. Thus, in a second experiment we measured physiological indices of valence (fEMG) and arousal (SC) while a new set of participants performed a similar experimental task as in Experiment 1.
The method of facial electromyography (facialEMG) allows unobtrusively measuring even subtle changes of affective processing (see, e.g., Larsen, Berntson, Poehlmann, Ito, & Cacioppo, 2008; Larsen, Norris, & Cacioppo, 2003) . Affectively positive responses are indicated by activations in the M. zygomaticus major region, a muscle region involved in smiling, and by relaxations in the M. corrugator supercilii region, a muscle region involved in frowning. Affectively negative responses are indicated by activation in the M. corrugator supercilii region. Previous research has already successfully demonstrated that manipulations of ease of processing influence fEMG activation (Gerger et al., 2011; Winkielman & Cacioppo, 2001) . Thus, if fluency is hedonically marked (Winkielman et al., 2003) , high ease of processing should lead to activation in the M. zygomaticus major region and relaxation in the M. corrugator supercilii region.
Measuring the skin conductance (SC) allows capturing the autonomic arousal (Boucsein, 2012) . The skin conductance response (SCR) to a stimulus occurs around 1-3 s after stimulus onset (Morris, Cleary, & Still, 2008) . The effect of ease of processing on indices of autonomic arousal has, to our knowledge, not yet been studied. According to the perceptual fluency/attributional account (Bornstein & D'Agostino, 1994) , suggesting that higher ease of processing results in a valence-independent unspecific activation, we should find higher SCRs with higher ease of processing. Research on feelings of familiarity, an adjacent concept to feelings of fluency (Whittlesea & Williams, 2000 , 2001a , 2001b , showed mixed findings on the association between skin conductance and familiarity. Typically, higher SCRs are associated with stimulus novelty (see Dawson, Schell, & Filion, 2000 , for an overview). However, for example in faces, higher SCRs were also associated with higher familiarity (Tranel, Fowles, & Damasio, 1985 , but see Ellis, Quayle, & Young, 1999) . According to Morris et al. (2008) , different task demands might be responsible for these inconsistent findings. They argue that when the task demands attention to novelty, novel items are more salient and show higher SCRs. However, when the task demands attention to familiarity, familiar items are more salient and show higher SCRs (see also Öhman, 1979) . Studying the feelings of familiarity Morris et al. (2008) could furthermore show that familiar (and thus easier to process) stimuli compared to unfamiliar stimuli were associated with longer SCR latencies. This indicates that reactions to familiar items are slower. Taken together, previous research allows no clear predictions regarding the effect of ease of processing on the SCR. Nonetheless, following the notion that feelings of fluency could be a valence-independent unspecific activation and the fact that higher ease of processing makes a stimulus more salient, we expected higher SCRs at higher ease of processing.
The Present Research
In this article, we present two experiments: First, a behavioral experiment in which we tested whether variations in ease of processing are reflected in valence or arousal ratings of both the stimulus and/or the perceiver; second, a physiological experiment in which we measured how variations in ease of processing influence physiological indices of facialEMG (reflecting valence) and of skin conductance (reflecting arousal). In both experiments we additionally tested whether the variations in ease of processing indeed influence self-reported feelings of fluency. Taken together, both experiments should provide insight into the nature and effect of feelings of fluency.
Experiment 1 Method
We studied the effects of an ease of processing manipulation on ratings of valence and arousal of both the stimulus and the perceiver. We manipulated the ease of processing by varying the presentation duration of the images between 100 and 400 ms. In previous research, manipulations of image duration led to reliable effects on a (usually not measured and only assumed) subjective experience of ease of processing -that is the feeling of fluency (Forster et al., 2013) -and on (usually measured) liking evaluations (Forster et al., 2013; Reber, Winkielman, & Schwarz, 1998; Winkielman & Cacioppo, 2001) . Previous research suggests that awareness of the manipulation is detrimental to effects of fluency on liking (so-called discounting, see Bornstein & D'Agostino, 1994 ; but see Newell & Shanks, 2007) . Although a manipulation of feelings by stimulus duration may be apparent for the participants in hindsight, it seems that the participants do not always recognize the duration manipulation as a source of the ease of processing and therefore the effects of the manipulation seem to be resistant against discounting (see, e.g., Forster et al., 2013; or Reber et al., 1998) .
Participants
A total of 192 German-speaking volunteers (130 female, M age = 23.17 years, SD age = 5.25) participated. The sample consisted of students recruited over the departments' participant system and of volunteers recruited by the experimenters around the University premises. In postquestionnaires we ensured that all participants were naïve regarding the purpose of the experiment. Prior to the experiment, all participants signed a consent form informing the participants that they could withdraw at any time during the experiment without any further consequences. Furthermore, we ensured that participants had sufficient visual acuity (close reading test by Nieden, Oculus Ó , Wetzlar, Germany) and color vision (plates 1, 11, and 13 of Ishihara, 1917) .
Stimuli
As stimuli, we selected 100 black-and-white images (size: 3.2 Â 2.3 inch, or 6.79°Â 4.75°of visual angle at a viewing distance of 27.56 inches) from the picture set of Rossion and Pourtois (2004) . This set comprises 260 simple line drawings of objects (e.g., a tree, an anchor, a dog, etc.). As too high/low valences might override the effect of ease of processing, prior to the experiment, all stimuli were prerated on valence (N = 7 participants). Nine stimuli with very high and six stimuli with very low valence were excluded from the initial set. For the remaining stimuli the mean was between 3.5 and 5.8 on a 7-point scale ranging from 1 to 7. From the remaining stimuli we selected two sets of 50 images each. In these sets complexity, familiarity (both ratings provided by Rossion & Pourtois, 2004) , and valence were roughly equal. Because all drawings were initially easy to perceive, difficulty was increased by adding 60% Gaussian noise to the images using Adobe Photoshop CS4. This manipulation avoids floor effects in felt fluency ratings. Furthermore, noise increases perceptual uncertainty, a favorable precondition for measuring felt fluency (see also Forster et al., 2013) .
Design and Procedure
The feeling dimensions (valence, arousal) and the rating dimensions (stimulus evaluations, participants' feeling) were crossed, resulting in four different conditions that varied between participants (n = 48 per condition). Thus the four conditions differed from each other in the evaluations participants made -that is, evaluations about how arousing (Condition 1) or positive (Condition 2) the stimulus was, or how aroused (Condition 3) or positive (Condition 4) the participant felt. Upon arrival, each participant was pseudorandomly assigned to one condition. In each condition, we also tested whether the ease of processing manipulation affected felt fluency (Forster et al., 2013) . For this purpose, in a separate block we asked our participants to evaluate their felt fluency. The longer the stimulus has been presented, the higher the feeling of fluency should be.
Thus, the participants rated each image twice; in one block on the feeling dimension -valence or arousal -and in the other block on felt fluency. Block order was balanced across participants. Ease of processing was manipulated through different presentation durations. For that purpose, we divided the pool of stimuli into four sets of 25 images each. Next, we assigned one of four presentation durations (100, 200, 300, or 400 ms) to each of the four sets. Across participants, we varied the assignment of stimulus sets to presentation durations according to a Latin square design. Thus, for each condition there were eight versions: 4 (Set Â Presentation duration) Â 2 Block orders. This assured that across all participants each stimulus was presented at all four different presentation durations and that effects of block order were testable.
The experiment started with an instruction in which participants were told that they should rate line drawings in two separate experiments. This instruction was intended to conceal the link between felt fluency evaluations and affective evaluations. After the general instruction, four practice trials were administered to familiarize the participants with task and stimuli. Each experimental trial started with a fixation cross for 2 s, followed by the target image for 100, 200, 300, or 400 ms. Next, to limit visual recognition, a random noise mask (60% Gaussian noise) was presented for 500 ms. Finally, the response was prompted (see Figure 1) . Depending on the condition, in one block participants rated either stimulus valence or arousal, or felt valence or arousal 2 on a 9-point selfassessment manikin (SAM) scale (Bradley & Lang, 1994 ; modified by Irtel, 2007) . Following Forster et al. (2013) , participants rated their felt fluency of perception ("Wie leicht ist es Ihnen gefallen das Bild wahrzunehmen?" ["How easy was the perception of the image?"]) on a Likert-type scale from 1 (= very hard) to 7 (= very easy) in a separate block. Because the stimuli in all trials were only mildly emotionally toned -being simple schematic line drawings of objects -we asked the participants to evaluate felt fluency and valence/arousal in comparison with the felt fluency and the valence/arousal elicited in other trials. For the first trials, we instructed participants to compare felt fluency and valence/arousal to the practice trials. In other words, the reference for the subsequent ratings was established during the practice trials. Within the blocks, presentation order of the stimuli and different durations were randomized. After completing the experiment, the participants were debriefed and thanked. The experiment was run using E-Prime Ò 2.0 (Schneider, Eschman, & Zuccolotto, 2002) and was presented on a 19 00 display at a resolution of 1,280 Â 1,024 pixels and a refresh rate of 60 Hz.
To help distinguishing the participants' valence/arousal evaluations of the stimulus from the participants' valence/arousal evaluations of their feelings, throughout the Results section we used the terms stimulus valence/arousal and felt valence/arousal, respectively.
Results and Discussion
To investigate whether ease of processing influenced the feeling dimensions and felt fluency, we performed two separate 4 Â 2 Â 2 mixed-design analyses of variance (ANOVAs): one for the feeling dimensions valence and arousal, and one for felt fluency. Ease of processing (presentation duration: 100, 200, 300, or 400 ms) was a within-participants variable. The feeling dimension (valence, arousal) and the rating target (stimulus, participants' feeling) were between-participants variables.
The respective ratings of valence, arousal, and felt fluency served as dependent variables. In all analyses, the level of statistical significance was p < .05. When the sphericity assumption was violated, a Greenhouse-Geisser correction was applied and the corrected degrees of freedom are reported. For multiple pairwise comparisons, the level of alpha was Bonferroni-corrected. Raw data (ESM 1-4), aggregated data (ESM 5), and analysis routines (ESM 10) from Experiment 1 can be found online.
For the feeling dimensions (valence and arousal), the ANOVA showed a significant main effect of ease of processing, F(2.5, 464.36) = 8.74, p < .001, η p 2 = .04, and of feeling dimension, F(1, 188) = 103.68, p < .001, η p 2 = .36. As indicated by the means (see Table 1 ), ratings of both valence and arousal in the 100 ms condition were significantly lower than in the 200, 300, and 400 ms conditions, respectively ( ps < .016), and valence ratings were higher than arousal ratings. The main effect of rating target was not significant, F(1, 188) = 0.04, p = .949, η p 2 < .001.
The significant main effects, however, were qualified by a significant three-way interaction between ease of processing, feeling dimension, and rating target, F(2.47, 464.36) = 5.07, p = .002, η p 2 = .03. Thus, we analyzed the pattern of the mean differences with pairwise comparisons (Bonferroni-corrected). For stimuli, the valence ratings (100 ms vs. 200, 300, and 400 ms, respectively, ps < .027), but not the arousal ratings ( ps > .849), significantly increased with increasing presentation duration. For ratings of the perceivers' feeling, the arousal ratings (400 ms vs. 100 and 200 ms, respectively, ps < .052), but not the valence ratings ( ps > .557), significantly increased with increasing presentation duration (see Figure 2 ). This dissociation indicates that when rating a stimulus, a higher feeling of fluency is attributed to a higher valence, as predicted by the theory of processing fluency. However, when rating the personal feeling, a higher feeling of fluency is instead attributed to a higher arousal. This latter finding indicates that positive stimulus evaluations are not due to a general positive feeling on the side of the perceiver which is then attributed to the stimulus, but rather that higher ease of processing directly influences the liking of the object. For felt fluency, the mixed-design ANOVA only showed a main effect of ease of processing, F(2.6, 482.44) = 116.80, p < .001, η p 2 = .38 (see Figure 3) . None of the other effects approached significance ( ps > .321). Pairwise comparisons showed that the longer the stimuli were presented, the higher the felt fluency (all pairwise comparisons, p < .001, except 300 vs. 400 ms, p = .055). This finding is in line with previous findings showing that differences in ease of processing can be explicitly reported (Forster et al., 2013; Reber, Wurtz, et al., 2004) . Crucially, it also shows that differences in felt fluency were present in all the conditions and that the four conditions did not differ in the ratings of felt fluency. Thus, the above-stated differences in the influence of ease of processing on the feeling dimensions are unlikely to be caused by differences in the feeling of fluency. It is rather likely that for stimulus valence and felt arousal fluency is more used as a source and for stimulus arousal and felt valence it is less so. Ratings of felt fluency and ratings of arousal and valence are based on the same stimuli. Showing the same images in the felt fluency block and the feeling dimension block allows stronger conclusions regarding the relationship of felt fluency and evaluated feeling dimensions. This procedure, however, might lead to confounding effects of block order and especially of additional fluency due to stimulus repetition. Therefore, in an additional analysis we tested for possible effects of block order. For the sake of parsimony only significant effects including block order will be reported.
For the feeling dimensions, a 4 Â 2 Â 2 Â 2 mixed-design ANOVA (all factors from above plus block order) yielded a significant interaction between rating target and block order, F(1, 184) = 6.32, p = .013, η p 2 = .03. For stimuli, but not for feelings, ratings were higher in the second than in the first block ( p = .019). This indicates a mere exposure effect (Zajonc, 2001 ) of repeated presentation on stimulus ratings. As the effect is the same for arousal and valence -indicated by the absence of any interactions between block order and the feeling dimensions -this effect does not challenge our conclusions. All other effects including block order were not significant ( ps > .078).
For felt fluency, a 4 Â 2 Â 2 Â 2 mixed-design ANOVA (all factors from above plus block order) yielded a significant main effect of block order, F(1, 184) = 10.47, p = .001, η p 2 = .05. Felt fluency ratings were significantly higher when tested first. This finding is not compatible with a mere exposure explanation, which would predict higher felt fluency ratings when stimuli are repeated. Maybe participants recognized the repetition and, as a consequence, fluency effects were discounted (Bornstein & D'Agostino, 1994) . Be that as it may, fluency effects as a consequence of the duration manipulation remained intact. This was indicated by the absence of an interaction between duration effects and block order. In summary, block order does not challenge the conclusions from our main analyses. Though the behavioral results indicate that participants consciously experienced fluency, in Experiment 2 we assessed the affective components of fluency experiences by physiological measures. By measuring fEMG and skin conductance responses we might capture some affective effects of ease of processing manipulations that are not consciously accessible or reportable.
Experiment 2
Method Participants A total of 26 university students (18 female, M age = 22.6 years, SD age = 5.7) were recruited via the departments' participant system and participated in return for partial course credit. As in Experiment 1, all participants had sufficient visual acuity, color vision and were naïve to the purpose of the experiment. Prior to the experiment, all participants signed a consent form, informing the participants that they could withdraw at any time during the experiment without any further consequences.
Stimuli
The same stimuli as in Experiment 1 were used.
Design and Procedure
Due to the nature of the physiological measurement our experimental design had to be slightly adapted. Testing all four conditions, both feeling dimensions and both rating targets, in a physiological setting was not feasible due to the intricacies of the physiological recording and due to availability of only few participants. We thus resorted to testing felt fluency, the block that was common to all conditions. Thus, we measured fEMG and skin conductance responses while participants rated the felt fluency of the processing of the stimuli. Both the manipulation of ease of processing through presentation duration (100, 200, 300, 400 ms) and the stimuli were the same as in Experiment 1.
Upon arrival participants filled out the consent form and were informed about the procedure. Then physiological measures were prepared. For measuring fEMG, two Ag/AgCl electrodes each (4 mm diameter, 7 mm housing) were placed over the left M. corrugator supercilii and left M. zygomaticus major region resulting in a bipolar measurement (following the guidelines by Fridlund & Cacioppo, 1986) . As ground, a single Ag/AgCl electrode was placed on the right mastoid (behind the ear). To reduce electrode impedance prior to electrode placement the skin was cleaned with alcohol (70% isopropyl alcohol) and abrasive gel was applied (Nu Prep, Weaver, USA). For measuring skin conductance, Velcro Ò strip electrodes were attached to the palmar middle phalanges of the index and middle finger of the nondominant hand (see Boucsein, 2012) . To assure optimal measuring conditions participants were told to wash their hands in tepid water prior to electrode attachment. For better conductivity EC 33 conductive gel (Grass Technologies, West Warwick, RI) was applied between the skin and the electrodes. Then all electrodes were connected to the amplifier (TMS International Refa8, 32 channel amplifier, TMSi, Twente, The Netherlands) and impedance was checked (to be below 10 kΩ). As physiological measures afford both a certain period in which the signal can be acquired and an intertrial interval during which the activation can return to a baseline level, the trial structure had to be adapted as well. Furthermore, presenting the fixation cross for 2 s in Experiment 1 might have been too long.
3 This might have resulted in participants exactly not looking at the middle of the screen and thus in detrimental effects on the perception of the target image. We thus changed the duration of the fixation cross to 200 ms. Similar to Experiment 1, the fixation cross was followed by the target stimulus for either 100, 200, 300, or 400 ms. The target was followed by the same random noise mask as in Experiment 1. The mask was, however, presented for 5 s. Although activation of both fEMG and SC was measured continuously, the activation 3
We thank the reviewer for pointing that out.
M. Forster et al., Fluency and Affective Processing
following the target (i.e., during the presentation of the mask) was of main interest (see below for further details). After the mask, participants rated their felt fluency ("Wie leicht ist es Ihnen gefallen das Bild wahrzunehmen?" ["How easy was the perception of the stimulus?"]) on a Likert-type scale from 1 (= very easy) to 7 (= very hard). 4 To allow the activation to return to baseline, an intertrial interval ranging between 6 and 6.5 s was included (see Figure 4) . Presentation order of the stimuli and different durations were randomized. After completing the experiment, the participants were thoroughly debriefed about the purpose of the experiment and thanked. The experiment was run using E-Prime Ò 2.0 (Schneider et al., 2002) and was presented on a 31 00 display at a resolution of 2,400 Â 1,200 pixels and a refresh rate of 60 Hz.
Physiological Data Preparation and Analysis
Both fEMG and SC were recorded with 2,048 Hz and filtered online with a 500 Hz low-pass filter. The data were then stored on hard drives and were later preprocessed offline. All data preprocessing was performed in Matlab 7.14 (MathWorks Inc., USA) using the EEGLAB toolbox (Version 13.0.0, Delorme & Makeig, 2004) for fEMG and the Ledalab toolbox (Version 3.4.7, Benedek & Kaernbach, 2010a , 2010b for SC. For further analysis the fEMG and the SC data were split up in two separate files to facilitate processing.
The fEMG signal was filtered with a 20 Hz high-pass filter to reduce blink artifacts (van Boxtel, 2001 ) and a 45-55 Hz notch filter to reduce power line artifacts. Both filters were applied with an updated filtering function in EEG-LAB (pop_eegfiltnew(), see Widmann & Schröger, 2012) . Then the signal was rectified and filtered with a moving average filter (size: 125 ms, see also . Next, the signal was cut into trials and baseline corrected. For the baseline we chose 1 s prior to the fixation cross (1,200 ms to 200 ms prior to the stimulus). Thus the signal now reflected the change in activation from the baseline. This signal was then inspected for artifacts by comparing the activation in the data with video recordings. All instances where activation was due to movement unrelated to the actual task (such as chewing, scratching, or touching the electrodes) were removed from the data. After artifact coding, data from one participant had to be removed from further analysis, because less than five trials remained in three of the four conditions (maximum per condition is 25). In a final step the data were z-transformed per muscle region and participant (Bush, Hess, & Wolford, 1993; Gerger, Leder, & Kremer, 2014; Winkielman & Cacioppo, 2001) . To test how the fEMG signal develops over time, the data were separately averaged for each of the 5 s following the stimulus per each condition, muscle region, and participant. Mind that the scale anchoring is reversed to Experiment 1. Informal post-questions in Experiment 1 indicated that the anchoring from 1 (= very easy) to 7 (= very hard) is more intuitive. For data analysis the felt fluency rating scale was inverted to simplify the interpretation. Higher ratings consequently represent higher felt fluency. As can be seen in the Results section, the change in scale anchoring did not affect the results.
The SC signal was first filtered with a 45-55 Hz notch filter to reduce power line artifacts. As the SC response was slower than the fEMG response (Dawson et al., 2000) , the amount of data was reduced by first applying a 10 Hz low-pass filter and then downsampling the signal to 32 Hz. Next, the signal of each participant was visually inspected for artifacts. Data from one participant had to be removed due to a high number of artifacts and signal losses. Data from the remaining participants was then further processed using the Ledalab toolbox (Version 3.4.7, Benedek & Kaernbach, 2010a , 2010b . Here, the signal was first smoothed with a Gaussian filter (16 Hz). To separate the tonic SC activation, which slowly fluctuates over time, from the stimulus-dependent phasic activation, continuous decomposition analysis (CDA; Benedek & Kaernbach, 2010a) was performed. As the SC signal is comparably slow, the sum of all activations exceeding an amplitude of at least 0.01 μS starting from the end of the first second to the fifth second (thus, 4 s in total) after stimulus offset was computed separately for each trial (following the guidelines of the Society for Psychophysiological Research Ad Hoc Committee on Electrodermal Measures, 2012). The data were then z-transformed within participant. Cursory inspection of the data revealed a few trials where the z-transformed conductance was much higher than in all other trials. To correct for such outliers, we removed all trials in which the z-transformed conductance exceeded the mean conductance ± 3 standard deviations (calculated separately for each participant). After removing these outliers (2.4% of all cases) the remaining trials were averaged per condition and participant in IBM SPSS Statistics 20.
Results and Discussion
Behavioral Data To analyze how variations in ease of processing influence the reported feeling of fluency we performed a one-way repeated-measures ANOVA with ease of processing (presentation duration of 100, 200, 300, or 400 ms) as the factor and the ratings of felt fluency (inverted, see above) as dependent variable. Replicating Experiment 1, we found a significant main effect of ease of processing, F(1.87, 46.63) = 23.48, p < .001, η p 2 = .48 (see also Figure 3 ).
Post hoc pairwise comparisons showed significant differences among all presentation durations ( ps < .007), except 300 versus 400 ms ( p = .99).
5 These results show that slightly adapting the trial procedure and measuring physiological data did not harm the effect of ease of processing on feelings of fluency. At least from 100 to 300 ms felt fluency increased with longer presentation durations. The data can be found online (ESM 6).
Facial Electromyography (fEMG) Data
To analyze whether higher ease of processing leads to more positive affective reactions we performed two repeatedmeasures ANOVAs, one for the M. corrugator supercilii region and one for the M. zygomaticus major region. As we were interested in how the effects change over time the 5 s after the stimulus presentation and prior to the response were binned in five 1-second segments. This resulted in two 4 (ease of processing, 100, 200, 300, or 400 ms) Â 5 (time segment 1-5) ANOVAs with the mean z-transformed activation over the muscle region as dependent variable. The original unit of fEMG activation is millivolt (mV). Due to z-transformation the resulting values are not interpretable as activation in mV; the direction of effects, however, remains the same: the higher the value the higher the activation, and vice versa. For the M. corrugator supercilii we found a significant main effect of ease of processing, F(3, 72) = 3.25, p = .027, η p 2 = .12, a significant main effect of time segment, For the M. zygomaticus major we found a significant main effect of time segment, F(2.16, 51.89) = 38.42, p < .001, η p 2 = .62, but no effects of ease of processing, F(3, 72) = 1.20, p = .317, η p 2 = .05, and no interaction, F(3.70, 88.85) = 0.69, p = .591, η p 2 = .03. Post hoc pairwise comparisons showed that zygomaticus activations in seconds 1 and 2 were significantly higher than in seconds 3, 4, and 5 ( ps < .002). The pattern of fEMG results indicated that in our experiment higher ease of processing was only reflected in an inhibition of the M. corrugator supercilii region that hints at a slightly positive affect (see also . Nonetheless, the activation of the M. zygomaticus major region, which should also have indicated this positive affect, was not influenced. Regarding the time segments, the data pattern showed that corrugator activation increased while zygomaticus activation decreased. Over the duration of a trial, participants exhibited increased
5
In the preprocessing of the fEMG and SC signals, data from two participants (one in each signal) had to be excluded from further analysis. We thus ran the analysis of the felt fluency ratings also without those two participants. The results did not change. We report the analysis of the full sample of participants.
negative affective reactions. This could be due to presenting mildly affective stimuli for very short durations in combination with rather long intervals between the stimulus and the response and between trials. However, the recording of the fEMG and SC signal necessitated these intervals. If the participants reacted with negative affect to the increased intervals, this effect could have built up across the segments and might have overshadowed the subtle effects of feelings of fluency. To tackle this issue we also analyzed only the first time segment -the first second of the recordings.
For the corrugator a one-way ANOVA (ease of processing, 100, 200, 300, or 400 ms) with the mean z-transformed activation over the muscle region in the first second as dependent variable showed a main effect of ease of processing, F(3, 72) = 3.16, p = .030, η p 2 = .12. As before, activation tended to decrease over time (see Figure 5) . For the zygomaticus the ANOVA again showed no main effect of ease of processing, F(3, 72) = 0.56, p = .644, η p 2 = .02. All data can be found online (ESM 7). To sum up, the only indication for an increased positive affect due to higher ease of processing (Gerger et al., 2011; Winkielman & Cacioppo, 2001 ) was a slight inhibition of the M. corrugator region with longer presentation duration of the stimuli, and consequently higher ease of processing. The activation of the M. zygomaticus region remained largely uninfluenced by our manipulation.
Skin Conductance (SC) Data
To analyze whether higher ease of processing leads to a higher unspecific activation we performed a repeatedmeasures ANOVA with ease of processing (presentation duration of 100, 200, 300, or 400 ms) as a factor and the summed z-transformed SC activation poststimulus (seconds 1-5) as the dependent variable. The original unit of SC activation is microsiemens (μS). (Siemens is the SI unit of electrical conductance.) Due to z-transformation the resulting values are not interpretable as conductance in μS; the direction of effects, however, remains the same: the higher the conductance the higher the activation, and vice versa.
The ANOVA showed a main effect of ease of processing, F(3, 72) = 8.55, p < .001, η p 2 = .26. Contrary to our prediction, the conductance at higher ease of processing was significantly lower compared to lower ease of processing. The conductance at 100 ms (M = À0.01, SD = 0.14) and at 300 ms (M = À0.09, SD = 0.11) was significantly higher than at 400 ms (M = À0.21, SD = 0.12, ps < .038, see Figure 6 ). Thus, in our case higher ease of processing did not come along with higher, but lower, unspecific activation. Morris et al. (2008) found that feelings of familiarity were reflected in longer SCR latencies. We thus also analyzed how the latency of the skin conductance was affected by ease of processing in an ANOVA, with ease of processing (presentation duration of 100, 200, 300, or 400 ms) as a factor and the latency of the first SCR (exceeding the threshold of 0.01 μS within the window of seconds 1-5 poststimulus) as the dependent variable. The ANOVA showed no effect of ease of processing on the latencies, F(1.98, 47.44) = 0.66, p = .522, η p 2 = .03.
For the sake of completeness and parallel to the fEMG analysis, we also analyzed the SCRs in the first second. Due to the slow response of skin conductance (Society for Psychophysiological Research Ad Hoc Committee on Electrodermal Measures, 2012) we chose Second 2 poststimulus as the equivalent of Second 1 in the fEMG analysis. The results were similar to the analyses above. We still found 
General Discussion
In two experiments we tested effects of variations in ease of processing on feelings of fluency and on affective responses. Theories on processing fluency suggest that the feeling of fluency is either affectively positive (Winkielman et al., 2003) or an unspecific activation (Bornstein & D'Agostino, 1994) . Our results on a behavioral level show that higher ease of processing indeed leads to higher feelings of fluency and a more positive evaluation of the stimulus. On the one hand, this was indicated by higher stimulus valence ratings, but not higher stimulus arousal ratings. On the other hand, the effects of ease of processing on the perceivers' feelings showed a different pattern. Although higher feelings of fluency were reported, participants only gave higher felt arousal ratings, but not more positive valence ratings. On a physiological level, tested in Experiment 2, we found only little evidence for physiological correlates of the effects. In line with Experiment 1, reported feelings of fluency increased with longer presentation durations. The notion that the feeling of fluency is affectively positive (Winkielman et al., 2003) could be shown in a slight inhibition of the frowning muscle region. A decrease in SC responses with higher ease of processing, however, was even in contrast to the notion that feelings of fluency led to an unspecific activation (Bornstein & D'Agostino, 1994) . The behavioral findings supported both theories. Experiment 1 extends previous research by showing that the validity of the different theories depends on the target of the ratings. When evaluating a stimulus, felt fluency elicited by that stimulus leads to a more positive evaluation of that stimulus. This finding is in line with the hedonic marking of fluency. However, when a more object-detached personal feeling of fluency has to be evaluated, felt fluency, elicited by a stimulus, is not evaluated as something positive in valence, but results in an unspecific arousal. It could thus be argued that the feeling of fluency per se is an unspecific activation which, in combination with a stimulus, is of positive valence. This might be due to the fact that the unspecific activation is misinterpreted as a positive affective response toward the stimulus (Dutton & Aron, 1974) . Together with the absence of an effect on stimulus arousal, this finding supports the hypothesis that -at least when rating a stimulus -processing fluency is mainly characterized by positive feeling dimensions (see Exp. 2 in Reber et al., 1998) . The findings of Mandler et al. (1987) , showing that even evaluations of brightness and darkness are influenced by higher ease of processing, are, however, inconsistent with this hypothesis. At this point we can only speculate about the underlying causes. One possible explanation might be the context of the experiment. Previous research has shown that the context also influences the interpretation of fluency (Unkelbach, 2007) . On the one hand, in the experiments of Mandler et al. (1987) stimuli were presented very briefly (1 or 2 ms). Therefore, participants might have been in a state of high uncertainty or even bad mood due to not seeing the stimuli. This could have produced the nonspecific effects in the evaluations of the stimuli. However, Albrecht and Carbon (2014, Exp. 2) could show that even when the stimuli were clearly visible, nonspecific effects occurred. Also, in Experiment 2 of Reber et al. (1998) as well as in our experiment stimuli were always visible. Here, participants maybe had no reason to relate the feeling of fluency to a "non-positive" stimulus evaluation. This explanation, however, remains to be further tested.
Our manipulation of processing fluency (based on varying the presentation durations) is different from mere exposure manipulations (for a review see Bornstein, 1989) in which the higher ease of processing originates from stimulus repetition. In Experiment 1 ratings of stimuli on the feeling dimension were higher when tested in the second block, indicating a mere exposure effect. However, this effect did not interact with the effects due to other variations in ease of processing. Thus, the reported effects of higher ease of processing on evaluations cannot simply be explained by mere exposure or higher familiarity.
In Experiment 2, we could replicate the effects of ease of processing on felt fluency ratings from Experiment 1. Higher ease of processing was reflected in reports of higher felt fluency. In regard to the conflicting accounts of the nature of felt fluency, the physiological responses in terms of facial electromyography (fEMG) and skin conductance (SC) were by trend in favor of the hedonic marking of fluency. Responses of fEMG, which capture positive or negative affect, showed a slight positive reaction as indicated by inhibitions of the M. corrugator supercilii region ). An activation of the M. zygomaticus major indicative of positive affect (Winkielman & Cacioppo, 2001) could not be found. Possibly, the effects were too subtle to be reflected in the activation of this muscle region.
The notion that fluency is experienced as an unspecific activation in our Experiment 2 could not be confirmed. Measures of skin conductance indicated that higher ease of processing came along with lower skin conductance, and thus, if anything, with lower activation. This effect is in line with previous research showing that skin conductance responses are especially sensitive to novel, and thus disfluent, material (see Dawson et al., 2000 , for an overview). This post hoc interpretation makes it clear that in comparison to the verbal reports, the physiological measurements could be too unspecific to allow any firm conclusions.
Together the findings from both experiments showed that stimulus evaluations became more positive with higher ease of processing, as indicated by higher ratings and, less strongly, by the inhibition of the frowning muscle. This is in line with the notion that processing fluency is hedonically marked (Winkielman et al., 2003) . In contrast to the notion that processing fluency is an unspecific activation we could not find effects on stimulus arousal ratings or physiological indices of arousal. Regarding the effects on the personal feelings of the participants, effects of higher ease of processing found in Experiment 1 were not confirmed by higher SCRs in Experiment 2. These subtle effects of ease of processing on positive physiological responses did thus not translate into self-reports of ease of processing, too. The latter finding might be due to the fact that the physiological responses were reflecting processes that were entirely unrelated to the required judgments (of ease of processing). This finding would also show a drawback of the measure of physiological responses without accompanying self-reports: If the two dissociate, it is difficult to relate them to one another because of a lack of emotion specificity of the physiological responses.
However, this leaves open the question where the effects of ease of processing on reported feelings of arousal in Experiment 1 come from. As the term "cognitive feelings" already suggests (Greifeneder, Bless, & Pham, 2011) , the arousal judgments might have also reflected "cold cognitions" without much physiological underpinnings -that is, a cognitive bias toward arousal judgments. In light of dual-process models of behavior in general (for an overview see, e.g., Smith & DeCoster, 2000) and the 2-systems model of Strack and Deutsch (2004) not only the impulsive, and more affective system, but also the reflective, and more cognitive system might have its share in the formation of the arousal ratings. Thus, feelings of arousal might also be the results of a deliberate attribution of the higher ease-of-processing to higher ratings of arousal. It is, thus, possible that experiences of ease of processing are not themselves felt as affective responses, but rather as cognitive cues for evaluations. Testing this possibility, however, requires studies specifically designed for pitting outcomes due to the reflective system and the impulsive system against each other.
We can only speculate why variations in ease of processing in Experiment 2 were only weakly reflected in physiological responses. Of course, measuring physiological indices parallel to self-reports of arousal and valence would have allowed more valid conclusions on the relationship between felt fluency and affect. Also, in contrast to previous studies applying fEMG in research on processing fluency (Gerger et al., 2011; Winkielman & Cacioppo, 2001 ), we did not explicitly ask for liking but for felt fluency. One could argue that when participants evaluate liking or affective responses to an object then stronger physiological responses might occur. This follows from the fact that the participants' task-specific foci of attention on nonevaluative aspects of the stimuli could have distracted the participants from their affective responses. In other words, implicit measures in general and physiological responses in particular are subject to context effects, such as the task at hand (Wittenbrink & Schwarz, 2007) .
One limitation of our findings concerns the stimuli. To elicit stronger affective responses, stimulus material having stronger emotional content might be warranted. We refrained from using this material in the present study for two main reasons. First, strong emotional content might override relatively subtle effects of ease of processing. And second, using similar material to previous studies (Forster et al., 2013; Reber et al., 1998; Winkielman & Cacioppo, 2001) helps in better understanding the effects from the previous studies by avoiding the confound of different stimulus material.
To sum up, our findings show that the feeling of fluency contributes to a positive evaluation of the stimulus, as reflected in more positive evaluations and a subtle physiological response. This response, however, did not lead to more positive feelings in the perceiver. Thus, in line with the feelings-as-information account (Schwarz, 2011) , feelings of fluency can be a powerful source of positive evaluations of objects, but not of the own feeling.
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